Most balanced chromosomal aberrations are not associated with a clinical phenotype, however, in some patients they may disrupt gene structure. With the development of various next-generation sequencing techniques, fast and specific analyses of the breakpoint regions of chromosomal rearrangements are possible. Here, we report on a 19-year-old woman with a de novo balanced translocation t(2;8)(p13.2;q22.1) and a severe clinical phenotype including intellectual disability, epilepsy, behavioral features resembling autism, and minor dysmorphic features. By next-generation sequencing, we defined the breakpoints and found disruption of the exocyst complex component 6B (EXOC6B) gene in intron 1 on chromosome 2p13.2 involving two Alu elements with a homology of 81%. No gene was found at the respective breakpoint on chromosome 8. Expression analysis of the EXOC6B in blood lymphocytes and buccal smear revealed reduced expression in the patient in comparison with the control. Our findings in combination with one recently published case and one other patient listed in DECIPHER v5.1 indicate EXOC6B as a gene relevant for intellectual development and electrophysiological stability. European Journal of Human Genetics (2013Genetics ( ) 21, 1177Genetics ( -1180 doi:10.1038/ejhg.2013 published online 20 February 2013 Keywords: balanced translocation; gene disruption; next-generation sequencing
INTRODUCTION
De novo balanced reciprocal translocations can be found in 0.14% of all newborns. 1 In most of these cases, the aberrations are not related to any clinical phenotype. However, some patients with apparently balanced translocations have an otherwise unexplained disease. In a few reports such conditions are explained by the presence of microdeletions or microduplications at the breakpoint regions. 2 Also an interference of a gene or regulatory elements in the breakpoint region can cause the clinical phenotype. 3, 4 As a result of the low resolution of conventional chromosomal analysis and fluorescence in situ hybridization most of these aberrations have remained undetected and the phenotypic relevance of the translocation remains often unclear. Even high-resolution microarrays can only detect small deletions or duplications down to a size of approximately 10 kb and cannot characterize the breakpoints themselves. This may explain why so far, research and characterization of chromosomal breakpoints have only been done in some cases of well-known microdeletions and microduplications. The development of various next-generation sequencing techniques now offers a method to analyze such aberrations. With these techniques it is possible to characterize breakpoints at the base pair level, to analyze the whole genome for other small structural aberrations, and therefore to understand the underlying chromosomal disorders and mechanisms in patients with a clinical phenotype and an apparently balanced aberration.
Here, we report on a 19-year-old woman with a de novo balanced translocation t(2;8)(p13.2;q22.1), global developmental delay, epilepsy, and minor dysmorphic features.
CLINICAL REPORT
The patient is the first child of a 27-year-old mother and her unrelated 37-year-old husband. One previous pregnancy ended in an abortion in the ninth week. Three younger siblings are healthy. Family history was unremarkable. Apart from low maternal blood pressure, pregnancy was also unremarkable. Spontaneous birth was at 38 weeks of gestation. Length (51 cm), weight (3590 g), and occipitofrontal head circumference (OFC; 36 cm) were above the 90th centile. At the age of 6 months, infantile spasms occurred and a global developmental delay was recognized. Electroencephalography detected hypsarrhythmia and anticonvulsive therapy with phenobarbital and vigabatrin was started. Infantile spasms were ceased but tonic seizures and generalized epileptic activity were observed. The patient was seizure free with the drug regime of vaproic acid, lamotrigine, ethosuximide, and clobazame at the age of 4 years. EEG was normal since this age and drug medication could be stopped. Parents described developmental delay at the age of 8 months, severe behavioral disorders with autistic and aggressive features, and stereotypical movement disorder. Walking was possible at the age of 22 months.
At the age of 11 years, height was 142 cm (50th centile), weight was 38.9 kg (50th-75th centile), and OFC was 50.5 cm (3rd-10th centile). Dysmorphic features included temporal narrowing, strabismus, a broad nasal bridge, a slight X-position of the arms, tapering finger, short fifth fingers, and a large distance between the first and the second toes at both feet (Figures 1a-f) .
At the age of 19 years, height was 162 cm (25th centile), weight 58 kg (50th-75th centile), and OFC 54 cm (25th-50th centile). Speech was reduced to a few words and features resembling autism remained. Menarche was at the age of 16 years. Dysmorphic features included strabismus, a thin upper lip, and slightly posteriorly rotated ears (Figures 1g-i) . Ear length was 6.5 cm (75th-90th centile), inner canthal distance and outer canthal distance were 2.5 cm (3rd-25th centile), and 8.5 cm (50th centile), respectively. Total hand length and middle finger length were 17 cm (50th centile) and 7.3 cm (50th-75th centile).
METHODS AND RESULTS
Investigation of our patient by conventional karyotype analysis revealed a balanced translocation of the short arm of chromosome 2 and the long arm of chromosome 8 ( Figure 2a ). Both parents had normal karyotypes. The initial karyotype of the patient was therefore written as 46,XX,t(2;8)(p13B15;q22)dn. SNP array investigation with the Illumina 1M-Duo Bead Chip (41 000 000 SNPs) according to the manufacturer's instructions was unremarkable. By microdissection of the derivative chromosomes from metaphases followed by microsatellite-mediated haplotype analysis, the translocation was shown to be of maternal origin. 5 
DISCUSSION
Generally, balanced translocations are not associated with a phenotype as there is no loss or gain of genetic material. Nevertheless, in Figure 1 Patient at the age of 11 years (a-f) and at the age of 19 years (g-i). Dysmorphic features included temporal narrowing, strabismus, a broad nasal bridge, tapering finger, and short fifth fingers.
Disruption of EXOC6B
A Frühmesser et al some cases severe clinical phenotypes are described in the literature. 6 Here, we report on a female patient with global developmental delay, epilepsy, minor dysmorphic features, and a de novo balanced translocation t(2;8)(p13.2;q22.1). First, a microduplication or microdeletion was excluded by conventional chromosomal analysis and high-resolution SNP-array analysis. Then, by a specific nextgeneration sequencing approach the breakpoints of the translocation could be defined and EXOC6B was found to be interrupted by the breakpoint on chromosome 2p13.2. EXOC6B, also known as Sec15B and Sec15L2, is nearly ubiquitously expressed and spans 650 kb. Little is known about the function of the gene. In 1996, TerBush et al 7 identified the Saccharomyces cerevisiae homolog of EXOC6B as a component of the exocyst, a octameric protein complex. This complex mediates the tethering of post-Golgi secretory vesicles to the plasma membrane before exocytic fusion. 8 Further publications showed interactions between the exocyst and multiple Ras-related small GTPases, including those that regulate the vesicular trafficking such as the Rab proteins as well as the actin cytoskeleton like the Rho family. 9, 10 In yeast, Wu et al 11 reported a function of SEC15 in targeting transport vesicles to the budding site and assumed the protein to recruit other proteins in the exocyst complex. In humans, two Sec15 genes were identified, namely EXOC6 and EXOC6B that share 75% amino-acid identity but only 20% identity with Sec15 in yeast. 12 Differences between the two human genes are located in the N-and C-terminus. In mammalians, only one study describes a mutation in the EXOC6 gene in mice that impairs erythroid iron assimilation by alteration of the recycling of the transferrin cycle endosomes and release of transferrin receptor exocytic vesicles. 13 In Drosophila, loss of the Sec15 homolog is associated with a targeting defect of photoreceptors that coincides with mislocalization of specific cell adhesion and signaling molecules. 14 Zhang et al 10 further investigated the localization of Sec15 in Chinese hamster ovary cells. They found the protein associated with clusters of tubular/vesicular elements concentrated in the perinuclear region. In 2008, Borsani et al 12 reported a 4-year-old male patient with left side renal agenesis, renal insufficiency, neutropenia, recurrent pulmonary infections, long bone diaphysis broadening, behavioral difficulties, growths retardation, ID, and a de novo t(2;7)(p13;p12) balanced translocation involving the tensin3 (TNS3) gene on 7p and the EXOC6B gene on 2p. The breakpoint in the EXOC6B gene was located within the first intron. They detected an EXOC6B-TNS3 fusion transcript together with a TNS3-EXOC6B chimeric RNA in the patient's fibroblasts. The authors hypothesized that the phenotype of the patient results from a haploinsufficiency of one or both affected genes, a dominant-negative effect caused by the chimeric transcript, and/or an abnormal regulation in the expression of other genes next to the breakpoint.
A search in the DECIPHER database v5.1 (http://decipher.sanger. ac.uk) revealed one more patient (249203) with a 780-kb deletion including the whole EXOC6B gene as well as the proximally located CYP26B1 gene that is responsible for autosomal-recessively inherited craniosynostosis with radiohumeral fusions and other skeletal and craniofacial anomalies. 15 The clinical phenotype includes ID, autistic features, as well as prominent ears. DECIPHER v5.1 predicts a haploinsufficiency score of 17% for EXOC6B. According to the definition of the haploinsufficiency score, this means that haploinsufficiency of this gene is most likely clinically relevant.
Our findings in combination with the available evidence indicate that the phenotype in our patient may be linked to reduced expression of EXOC6B. Considering that both our patient and the patient described in the DECIPHER database show autistic traits and the 4-year-old patient reported by Borsani et al 12 was reported to have abnormal behavior, EXOC6B gene might also be a candidate gene for autistic behavior. 
